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Description 



METHOD FOR DESIGNING AN 
INTEGRATED CIRCUIT HAVING MULTIPLE 
VOLTAGE DOMAINS 

Background of Invention 
[0001] FIELD OF THE INVENTION 

[0002] The present invention relates to the field of integrated cir- 
cuits; more specifically, it relates to a system and method 
for designing an integrated circuit having multiple voltage 
domains. 

[0003] BACKGROUND OF THE INVENTION 

[0004] a s integrated circuits have increased in complexity, volt- 
ages on power distribution networks have been reduced in 
order to reduce power consumption. However, these volt- 
age reductions can have an adverse impact on the AC per- 
formance and noise immunity of integrated circuits. The 
use of voltage partitioning of an integrated circuit (IC) 
chip into voltage domains or islands allows some portions 



of an IC to operate at higher voltages for improved AC 
performance and noise immunity and other portions of 
the same IC to operate at a lower voltage for reduced 
power consumption. 
[0005] However, even with modern design systems, designing 

such integrated circuits is a very labor-intensive process. 
Therefore, there is a need for an automated design system 
for designing an IC having multiple voltage domains. 
Summary of Invention 

[0006] a first aspect of the present invention is a method for de- 
signing an integrated circuit having multiple voltage do- 
mains, comprising: (a) generating a logical integrated cir- 
cuit design from information contained in a high-level de- 
sign file, the high-level design file defining global con- 
nection declarations and voltage domain connection dec- 
larations; (b) synthesizing the logical integrated circuit 
design into a synthesized integrated circuit design based 
upon the logical integrated circuit design, information in a 
voltage domain definition file and a design constraint file; 
(c) generating a noise model from the synthesized inte- 
grated circuit design based on information in the voltage 
domain definition file, a circuit level profile and a design 
constraint file; and (d) simulating the noise model against 



constraints in the design constraint file and constraints in 
a circuit level profile file to determine if the synthesized 
integrated circuit design meets predetermined noise tar- 
gets. 

[0007] a second aspect of the present invention is a computer 

system comprising a processor, an address/data bus cou- 
pled to the processor, and a computer-readable memory 
unit adapted to be coupled to the processor, the memory 
unit containing instructions that when executed by the 
processor implement a method for designing an inte- 
grated circuit having multiple voltage domains, the 
method comprising the computer implemented steps of: 
(a) generating a logical integrated circuit design from in- 
formation contained in a high-level design file, the high- 
level design file defining global connection declarations 
and voltage domain connection declarations; (b) synthe- 
sizing the logical integrated circuit design into a synthe- 
sized integrated circuit design based upon the logical in- 
tegrated circuit design, information in a voltage domain 
definition file and a design constraint file; (c) generating a 
noise model from the synthesized integrated circuit de- 
sign based on information in the voltage domain defini- 
tion file, a circuit level profile file and optionally, a design 



constraint file; and (d) simulating the noise model against 
constraints in the design constraint file and constraints in 
a circuit level profile file to determine if the synthesized 
integrated circuit design meets predetermined noise tar- 
gets. 

Brief Description of Drawings 

[0008] The features of the invention are set forth in the ap- 
pended claims. The invention itself, however, will be best 
understood by reference to the following detailed descrip- 
tion of an illustrative embodiment when read in conjunc- 
tion with the accompanying drawings, wherein: 

[0009] FIG. 1 is a diagram illustrating the partitioning of an ex- 
emplary IC into voltage islands according to the present 
invention; 

[0010] FIG. 2 is a diagram illustrating the boundary between ex- 
emplary voltage islands according to the present inven- 
tion; 

[001 1] FIG. 3 is a diagram illustrating an exemplary technology- 
independent high-level design file according to the 
present invention; 

[0012] FIG. 4 is a diagram illustrating an exemplary voltage do- 
main definition file according to the present invention; 

[0013] FIG. 5 is a diagram illustrating an exemplary design con- 



straint file according to the present invention; 

[0014] FIG. 6 is a diagram illustrating an exemplary preferred 
components file according to the present invention; 

[0015] FIGs. 7A, 7B and 7C are a flowchart of the method for de- 
signing an IC having power distribution partitions accord- 
ing to the present invention; and 

[0016] FIG. 8 is a schematic block diagram of a general-purpose 
computer for practicing the present invention. 
Detailed Description 

[0017] For the purposes of the present invention the terms volt- 
age domain and voltage island are used interchangeably 
to denote the same entity, namely a bounded region of an 
IC chip having an internal power distribution network that 
is supplied from a power source external to that region. 
The term "designer" when used to describe the present 
invention refers to intervention by a human circuit de- 
signer. The terms "synthesizer, ""noise mod- 
eler,""simulator,""analyzer,"and "physical design tool"refer 
to software programs. 

[0018] FIG. 1 is a diagram illustrating the partitioning of an ex- 
emplary IC 100 into voltage islands according to the 
present invention. In FIG. 1, IC chip 100 includes voltage 
island A 105, voltage island B 110 and voltage island C 



115. IC chip 100 may be considered a voltage island itself. 
Voltage island C 115 further includes nested voltage is- 
land D 120, voltage island E 121 and voltage island F 122. 
As many levels of nesting of voltage islands as a particular 
IC design calls for may be incorporated into IC chip 100. 
Thus, voltage islands are hierarchical in nature. By con- 
vention, the higher a voltage island level or hierarchy, the 
more deeply it may be nested. In the example of FIG. 1, 
there are three levels, 0, 1 and 2, with the highest (level 2) 
being the most deeply nested. Communication and power 
are supplied to IC chip 100 by a multiplicity of signal and 
power connections 125. Communication and power are 
supplied to voltage island A 105 by a multiplicity of signal 
and power connections 130. Signal and power connec- 
tions 130 may be connected to signal sources and power 
networks within IC chip 100 or from off chip or both. 
Communication and power are supplied to voltage island 
110 B by a multiplicity of signal and power connections 
135. Signal and power connections 135 may be connected 
to signal sources and power networks within IC chip 100 
or from off-chip or both. Communication and power are 
supplied to voltage island C 115 by a multiplicity of signal 
and power connections 140. Signal and power connec- 



tions 140 may be connected to signal sources and power 
networks within IC chip 100 or from off-chip or both. 
Communication and power are supplied to voltage island 
D 120, voltage island E 121 and voltage island F 122 by a 
multiplicity of signal and power connections 145, 146 and 
147 respectively. Signal and power connections 145, 146 
and 147 may be independently connected to signal 
sources and power networks within voltage island 115, 
within IC chip 100, from off-chip or combinations thereof. 
[0019] FIG. 2 is a diagram illustrating the boundary between ex- 
emplary voltage islands according to the present inven- 
tion. In FIG. 2, a voltage island 150 includes a group of 
digital, analog, or mixed signal circuits 155 connected to 
boundary circuits 160 by connections 165. Boundary cir- 
cuits 160 are connected to the next lower voltage island 
level by connections 170. Boundary circuits, which may 
include I/O circuits and voltage translation interface (VTI) 
circuits are employed as necessary to make the transition 
between voltage domains and may provide voltage level 
shifting to accommodate differences in supply rail volt- 
ages. Such circuits may also be designed to handle stabi- 
lization of voltage domain inputs and outputs during do- 
main power-up and power-down events. Connections 165 



and 170 are distinguished from each other in the present 
invention, connection 165 being defined using a voltage 
island connection declaration associated with voltage is- 
land level N and connection 170 being defined using a 
voltage island connection declaration associated with is- 
land level N-l. Connection declarations are widely known 
in the art as part of high-level logic description languages 
such as Verilog and very high-speed hardware description 
language (VHDL) and are used to impart properties on 
logic inferred or instantiated within the high-level design. 
For example, within Verilog, connection declaration WIRE 
is used to describe inferred combinational functions or 
pass-through connections to instantiations; REGISTER is 
used to describe inferred sequential or clocked functions; 
and INPUT and OUTPUT are used to describe the input and 
output ports of the defined function. Connection declara- 
tions are extended to further define voltage island content 
and connectivity beyond logic / signal connectivity known 
in the art. For the purposes of the present invention, sig- 
nal declarations with similar extensions define a common 
voltage domain for all logic inferred or instantiated using 
the signal declarations, while differences in signal decla- 
ration extensions between groups of logic, instantiated 



logic or hierarchies define voltage domain boundaries. 

[0020] The present invention utilizes four unique design files for 
automating the design of an IC having voltage islands. 
Each is illustrated and described infra. 

[0021] FIG. 3 is diagram illustrating an exemplary technology- 
independent high-level design file 200 according to the 
present invention. High-level design file 200 may be used 
to generate exemplary IC chip 100 of FIG 1. FIG 3 illus- 
trates examples of some of the information contained in 
high-level design file 200 and other information may be 
present. For the purposes of describing the invention, 
high-level design file 200 is illustrated using a Verilog 
high-level language format; however, one skilled in the 
art would understand that the invention may be applied 
similarly to other high-level languages. High-level design 
file 200 is similar to a standard hierarchical high-level de- 
sign file with the exception that it contains extensions of 
standard connection declarations (WIRE, REGISTER, INPUT 
and OUTPUT), with each connection declaration variant 
being used to infer voltage island content and boundaries 
in addition to its known use in defining the properties of 
logical content. 

[0022] within high-level design file 200, a block 500 describes 



voltage island level 0 of exemplary IC chip 100 illustrated 
in FIG. 1 and described supra. Block 500 includes a con- 
nection declaration section 501 and a logic/instantiation 
coding section 502. The connection declarations WIRE, 
REGISTER, INPUT, OUTPUT, WIREVDD2, INPUTVDD2 and 
OUTPUTVDD2 within connection declaration section 501, 
define the logical properties of signals and logic functions 
contained within block 500. Logic/instantiation coding 
section 502 contains the logic description for the immedi- 
ately next deeper level of the hierarchy of voltage islands 
which includes the three hierarchical instantiations: volt- 
age island A, voltage island B and voltage island C, each 
of which are at voltage island hierarchical level 1 of high- 
level design file 200. 
[0023] Block 510 includes a connection declaration section 511 
and a logic/instantiation coding section 512 for voltage 
island A of logic/instantiation coding 502. The connection 
declarations WIRE_H1_VIA, REGISTERS 1_VIA, IN- 
PUT_H1_VIA and OUTPUT_Hl_VIA within connection dec- 
laration section 511, define the logical properties of sig- 
nals and logic functions contained within block 510 and 
uniquely differentiate the function of block 510 from 
other portions of high-level design file 200. Logic/ 



instantiation coding section 512 defines the functions of 
voltage island A. The logic functions of logic/instantiation 
coding section 512 may be coded in many different ways 
to facilitate logic synthesis, may contain unique instantia- 
tions of hierarchical functions, devices or black boxes, or 
may contain a combination of coding styles. Instantiated 
functions need not share connection declaration types 
with lower levels of hierarchy as will be explained infra. 
[0024] Block 520 includes a connection declaration section 521 
and a logic/instantiation coding section 522 for voltage 
island B of logic/instantiation coding 502. The connection 
declarations WIRE_H1_VIB, RECISTER_H1_VIB, IN- 
PUT_H1_VIB and OUTPUT_Hl_VIB within connection decla- 
ration section 521, define the logical properties of signals 
and logic functions contained within block 520 and 
uniquely differentiate the function of block 520 from 
other portions of high-level design file 200. Logic/ 
instantiation coding section 522 defines the functions of 
voltage island B. The logic functions of logic/instantiation 
coding section 522 may be coded in many different ways 
to facilitate logic synthesis, may contain unique instantia- 
tions of hierarchical functions, devices or black boxes, or 
may contain a combination of coding styles. Instantiated 



functions need not share connection declaration types 
with lower levels of hierarchy as will be explained infra. 
[0025] Block 530 includes a connection declaration section 531 
and a logic/instantiation coding section 532 for voltage 
island C of logic/instantiation coding 502. The connection 
declarations WIRE_H1_VIC, REGISTER_H1_VIC, IN- 
PUT_H1_VIC and OUTPUT_Hl_VIC within connection dec- 
laration section 531, define the logical properties of sig- 
nals and logic functions contained within block 530 and 
uniquely differentiates the function of block 530 from 
other portions of high-level design file 200. Logic/ 
instantiation coding section 532 defines the functions of 
voltage island C. The logic functions of logic/instantiation 
coding section 532 may be coded in many different ways 
to facilitate logic synthesis, may contain unique instantia- 
tions of hierarchical functions, devices or black boxes, or 
may contain a combination of coding styles. Instantiated 
functions need not share connection declaration types 
with lower hierarchies as will be explained infra. Logic/ 
instantiation coding section 532 also contains the logic 
description for the immediately next deeper level of the 
hierarchy of voltage islands which includes the three hier- 
archical instantiations: voltage island D, voltage island E 



and voltage island F, each of which are at voltage island 
hierarchical level 2 of high-level design file 200. 

[0026] Block 540 includes a connection declaration section 541 
and a logic/instantiation coding section 542 for voltage 
island D of logic/instantiation coding 542. The connection 
declarations WIRE_H1_VID, REGISTER_H 1_VID, IN- 
PUT_H1_VID and OUTPUT_Hl_VID within connection dec- 
laration section 541, define the logical properties of sig- 
nals and logic functions contained within block 540 and 
uniquely differentiates the function of block 540 from 
other portions of high-level design file 200. Logic/ 
instantiation coding section 542 defines the functions of 
voltage island D. The logic functions of logic/instantiation 
coding section 542 may be coded in many different ways 
to facilitate logic synthesis, may contain unique instantia- 
tions of hierarchical functions, devices or black boxes, or 
may contain a combination of coding styles. Instantiated 
functions need not share connection declaration types 
with lower levels of hierarchy as will be explained infra. 

[0027] Block 550 includes a connection declaration section 551 
and a logic/instantiation coding section 552 for voltage 
island E of logic/instantiation coding 552. The connection 
declarations WIRE_H1_VIE, REGISTERS 1_VIE, IN- 



PUT_H1_VIE and 0UTPUT_H1_VIE within connection decla- 
ration section 551, define the logical properties of signals 
and logic functions contained within block 550 and 
uniquely differentiate the function of block 550 from 
other portions of high-level design file 200. Logic/ 
instantiation coding section 552 defines the functions of 
voltage island E. The logic functions of logic/instantiation 
coding section 552 may be coded in many different ways 
to facilitate logic synthesis, may contain unique instantia- 
tions of hierarchical functions, devices or black boxes, or 
may contain a combination of coding styles. Instantiated 
functions need not share connection declaration types 
with lower levels of hierarchy as will be explained infra. 
[0028] Block 560 includes a connection declaration section 561 
and a logic/instantiation coding section 562 for voltage 
island F of logic/instantiation coding 562. The connection 
declarations WIRE_H1_VIC, REGISTERS 1_V1C, IN- 
PUT_H1_V1C and 0UTPUT_H1_V1C within connection dec- 
laration section 561 are identical to the connection decla- 
rations of block 530; the next-lower hierarchy of the IC. 
Connection declarations in section 561 are used to define 
the logical properties of signals and logic functions con- 
tained within block 560 and associate the function of 



block 560 with the hierarchy 1 voltage domain defined in 
block 560. The logic functions of logic/instantiation cod- 
ing section 562 may be coded in many different ways to 
facilitate logic synthesis, may contain unique instantia- 
tions of hierarchical functions, devices or black boxes, or 
be a combination of coding styles. Instantiated functions 
need not share connection declaration types with lower 
levels of hierarchy as will be explained infra. 
[0029] FIG. 4 is diagram illustrating an exemplary voltage domain 
definition file 205 according to the present invention. FIG. 
4 illustrates examples of some of the attributes of a volt- 
age domain in voltage domain definition file 205 used in 
generating IC chip 100 (FIG. 1) from high-level design file 
200 (FIG. 3) and other information may be present. Volt- 
age domain definition file 205 contains both technology- 
independent attributes related to voltage domains desired 
within high-level design file 200 and technology-depen- 
dent information such as VDD and VSS rail voltage levels 
and isolation techniques to be used which may vary from 
one target technology to another. Voltage domain defini- 
tion file 205 associates each signal declaration with a set 
of voltage domain characteristics or attributes which the 
signal declarations infer. Attributes may include whether 



the inferred voltage domain is global, voltage island spe- 
cific or targeted for flattening into a lower voltage island 
level of hierarchy identified in file 205. Other attributes 
include the source of the inferred voltage domain, which 
may be from off-chip or from an internal power bus, 
whether the voltage domain"s supply is to be regulated,, 
gated or otherwise controlled along with the power or 
voltage domain source for these functions, whether the 
voltage domain is to be ground noise isolated or requires 
externally mounted noise suppression devices, VSS 
(ground) rail value and VDD (power source voltage) rail 
value. All connection declaration definitions used in high- 
level design file 200 of FIG. 3 need not appear in voltage 
domain definition file 205. Only connection declarations 
intended to infer voltage domain information need be de- 
fined and generation of IC chip 100 (FIG. 1) from a combi- 
nation of connection declarations defined in file 205 and 
undefined connection declarations as a function of their 
hierarchy is described infra. 
[0030] FIG. 5 is a diagram illustrating an exemplary design con- 
straint file 210 according to the present invention. FIG. 5 
illustrates examples of some of the information in design 
constraint file 210 used in generating IC chip 100 (FIG. 1) 



from high-level design file 200 (FIG. 2) and other infor- 
mation may be present. Design constraints file 210 con- 
tains both technology-independent information related to 
voltage domains desired within high-level design file 200 
and technology-dependent information such as allowable 
VDD and VSS rail noise levels and static voltage drop tar- 
gets which may vary from one target technology to an- 
other. Design constraint file 210 includes for each con- 
nection declaration type (which infers a unique voltage 
domain as defined by voltage domain definition file 205) a 
static current-resistance (IR) drop and transient noise limit 
targets for both the VDD and VSS rails present in the in- 
ferred domain. Additionally, design constraint file 210 
contains information defining the operational clock fre- 
quency present within the inferred voltage domain used in 
generating simulatable models for each voltage domain. 
Design constraint file 210 may also include a designer-en- 
tered switching factor and a start-of-switch.offset factor 
used in generating simulatable models for each voltage 
domain as described infra. 
[0031] FIG. 6 is a diagram illustrating an exemplary preferred 
components file 215 according to the present invention. 
FIG. 6 illustrates examples of some of the information in 



preferred components file 215 used in generating IC chip 
100 (see FIG. 1) from high-level design file 200 (see FIG. 
3) and other information may be present. Preferred com- 
ponents file 215 contains technology-dependent informa- 
tion defining a subset of components to use, from a larger 
set of components available within a technology-specific 
synthesis library, in generating voltage domains in accor- 
dance with high-level design file 200 (see FIG. 3), voltage 
domain definition file 205 (see FIG. 4) and design con- 
straints file 210 (see FIG. 5). Optional preferred compo- 
nents file 215 may include a list of various power supply 
elements such as regulators, voltage translators, on-chip 
capacitors, direct-chip-attach noise filters and on- 
package components such as resistors, capacitors, induc- 
tors, ferrites, voltage regulators as well as other known 
components or combinations thereof acceptable for in- 
corporation into IC chip 100 of FIG 1. Preferred compo- 
nents file 215 limits design synthesis (illustrated in FIG. 
7 A and described infra) to voltage domain related design 
elements defined by the designer as a subset of a larger 
available library. Should optional preferred components 
file 215 not be present, any voltage domain related com- 
ponents available within the larger technology-dependent 



synthesis library may be used. 
[0032] The high-level design of IC chip 100 of FIG. 1 is generated 
from the elements in high-level design file 200 (see FIG. 

3) , which includes connection declarations used in defin- 
ing functions at various levels of hierarchy of the IC de- 
sign inferred voltage domain contents and boundaries in 
addition to the desired functional descriptions and device 
instantiations. Voltage domain definition file 205 (see FIG. 

4) , design constraint file 210 (see FIG. 5) and optionally, 
preferred components file 215 (see FIG. 6) provide further 
details needed to incorporate voltage islands into the next 
level of design. 

[0033] FIGs. 7A, 7B and 7C are a flowchart of the method for de- 
signing an IC having power distribution partitions accord- 
ing to the present invention. In FIG. 7A, steps between 
connectors "A", "B"and "C" are illustrated in FIG. 7B and 
steps between connectors "B ,, ,"D"and "E"are illustrated in 
FIG. 7C. 

[0034] | n step 230 design synthesis is performed. Design synthe- 
sis uses a high-level design file 201 which includes origi- 
nal and updated high-level designs of an IC chip 
(high-level design file 200 of FIG. 3 is an example), volt- 
age domain definition file 205, technology-dependent 



synthesis library 235 and, if supplied, preferred compo- 
nents file 215 to generate a synthesized IC design netlist 
240. Synthesis library 235 contains logic representations, 
timing data and physical size information for all devices 
and circuits available in a technology and may also include 
information on chip-level effects such as estimation of 
circuit-to-circuit connection lengths, parasitic estimation 
of connections and effects on circuit timing. The product 
of synthesis is a netlist, 240, which is a technology-de- 
pendent description of an IC design. Netlist 240 contains 
constituent logic gates, storage elements and analog 
components as well as the electrical connectivity descrip- 
tion for IC chip 100 (FIG. 1). Netlist 240 is functionally 
equivalent to the technology-independent high-level de- 
sign file 201. 

[0035] Synthesis of a high-level design is performed sequentially 
from the deepest level of hierarchy (i.e. the highest level 
of voltage island) to the top level of IC chip 100 (see FIG. 
1). During synthesis of each block within the design, the 
synthesizer parses the logic connection declarations and 
logic instantiation coding to determine if connection dec- 
larations with entries in the voltage domain definition file 
205 are present. If voltage-domain-assigned connection 



declarations do not exist in the block or all connection 
declarations within the block are assigned "GLOBAL" sta- 
tus, the block is synthesized, generating combinational 
and sequential logic from inferred logic and instantiating 
directly specified devices and circuits. The resulting block 
level netlist is marked for inclusion the next lower level of 
hierarchy or voltage domain. If voltage-domain-assigned 
connection declarations do exist within the block, the 
block is synthesized, generating combinational and se- 
quential logic from inferred logic and instantiating di- 
rectly-specified devices and circuits, and as a final step in 
the synthesis process, VDD and VSS connections for the 
synthesized block are constructed in accordance with 
voltage domain definition file 205. 
[0036] step 230 includes unique naming of domain-specific rails, 
propagation of rail naming to all elements within the is- 
land, including higher levels of hierarchy marked for in- 
clusion in a lower level of hierarchy by omission of con- 
nection declaration type inclusion in voltage domain defi- 
nition file 205, specific instruction within voltage domain 
definition file 205 to equate the signal declarations in the 
higher hierarchy with those of the present hierarchy, or 
use of connection declarations declared as "GLOBAL". Ad- 



ditionally, the step includes synthesis and instantiation of 
circuits or devices such as regulator systems, capacitors, 
noise filters, headers and external bonding pins or pads 
and connection to the uniquely named VDD and VSS nets 
consistent with the voltage domain type defined in file 
205, preferred components file 215, if it exists, and syn- 
thesis library 235. 
[0037] Further, in step 230, synthesis operates on the input and 
output ports of the synthesized block to insert VTIs be- 
tween logically bordering voltage domains. VTI selection 
is made in accordance with voltage domain definition file 
205, preferred components file 215, if it exists, synthesis 
library 235, and connection declaration types for the next 
lower level of hierarchy in the high-level design. In addi- 
tion to synthesis activity, which logically defines the volt- 
age domain, step 230 includes insertion, within the netlist 
240 of commands interpretable by down-stream tools 
which drive definition and generation of non-logical 
structures such as VSS isolation moats during subsequent 
physical design. 

[0038] Synthesis from the highest level of hierarchy of high-level 
design to the lowest level is performed as described infra 
using high-level design file 200 of FIG. 3 as an example. 



Synthesis begins at the highest level of hierarchy, level 2, 
which includes blocks 540, 550 and 560 of FIG. 3. 

[0039] Synthesis of block 540 results in a voltage-domain-level 
netlist and includes chip level connections for the domain 
VDD supply and VTI circuits appropriate for communica- 
tion between circuits operating at VDD=1.2V and circuits 
operating at VDD= 1.75V as defined in the voltage domain 
definition file 205. Additionally, connect pad references 
for external noise suppression devices, selected using 
preferred components file 215, if it exists, or synthesis li- 
brary 235, are instantiated in accordance with voltage do- 
main definition file 205. 

[0040] During synthesis of block 550, (see FIG. 3) the synthesizer 
is instructed to redefine connection declarations within 
block 550 to those in block 530 (see FIG. 3), the next 
lower level of hierarchy, such that only logic synthesis is 
performed and the resulting netlist for block 550 (see FIG. 
3) is marked for inclusion at hierarchy level 1 of the de- 
sign. In a similar manner, block 560 (see FIG. 3), being 
defined using connection declarations also used at the 
next lower hierarchy undergoes logic synthesis 
only.Synthesis of block 530 (see FIG. 3) generates any in- 
ferred logic within 530 and integrates netlist portions for 



blocks 540, 550 and 560. 
[0041] Synthesis of block 530 results in a voltage-domain-level 
netlist which includes unique naming references to the 
voltage domain VDD rail, chip level inputs for the local 
supply rails and VTIs consistent with voltage domain defi- 
nition file 205 and appropriate for connecting to the vari- 
ous hierarchy level 0 signal declarations to which they at- 
tach. All logic generated within block 530 (see FIG. 3), as 
well as in blocks 550 (see FIG. 3) and 560 (see FIG. 3), 
which were marked for inclusion in the lower hierarchy, is 
assigned to the uniquely named VDD and VSS rails, effec- 
tively flattening function into the lower voltage domain hi- 
erarchy level. 

[0042] The netlist generated for block 540, synthesized as a sec- 
ond level voltage domain, is merged into the netlist for 
block 530 without voltage rail re-assignment. Synthesis of 
block 510 (a first level voltage domain) results in a netlist 
block with all logic content using unique VDD and VSS rail 
names. The VDD rail local to block 510 is sourced from a 
regulator system producing a 1.5-volt VDD value. The 
regulator is sourced from the WIREVDD2 inferred domain. 
As VSS isolation is required in accordance with voltage 
domain definition file 205 due to a potential difference 



between global VSS and the local VSS voltage, a separate 
chip level pad for the local VSS is provided and netlist 
commands or attributes are inserted to drive physical de- 
sign of the isolation. Input and output ports to block 510 
(see FIG. 3) are synthesized to include VTIs appropriate to 
operate between voltage domains at level 0 and level 1 of 
the hierarchy. 

[0043] Synthesis of block 520 (a first level voltage domain) re- 
sults in a netlist block with all logic using a unique VDD 
rail name. The VDD rail local to block 520 is sourced from 
the WIRE inferred domain through a header circuit as de- 
fined in voltage domain definition file 205. Additionally, 
connect pad references for external noise suppression de- 
vices, selected using preferred components file 215, if it 
exists, or synthesis library 235, are instantiated in accor- 
dance with voltage domain definition file 205. Input and 
output ports to block 510 are synthesized to include VTIs 
appropriate to operate between voltage domains at level 0 
and level 1 of the hierarchy. 

[0044] Synthesis of block 500 of netlist 200 completes genera- 
tion of the netlist for IC chip 100 (see FIG. 1). During syn- 
thesis, any logic inferred within block 500 (see FIG. 1) is 
generated. Should inferred logic exist for both WIRE / 



REGISTER / INPUT / OUTPUT and WIREVDD2 / INPUTVDD2 
/ OUTPUTVDD2 connection declarations, these logic sets 
would be separated, and voltage domains formed in ac- 
cordance with voltage domain file 205. Connection decla- 
rations for hierarchy level 0 are defined as global in volt- 
age definition file 205 and as a result, VDD and VSS rails 
for logic inferred within block 500 (see FIG. 3), or instanti- 
ated and not defined as a voltage domain by file 205, are 
connected to global sources in accordance with file 205. 

[0045] The netlists previously generated for blocks 510, 520 and 
530 (see FIG. 3) would be integrated into netlist 240, 
however, as each of these blocks has been generated as a 
voltage domain, or nested voltage domain in accordance 
with voltage domain definition file 205, their supply rails 
would not be merged with the top level "GLOBAL" sup- 
plies. Thus, netlist 240 is a technology-dependent version 
of high-level design file 200 (see FIG. 3) with hierarchical 
structure and limits as depicted for IC chip 100 of FIG. 1. 

[0046] with synthesis complete, in step 245, noise modeling is 
performed. The noise-modeling tool uses netlist 240, 
voltage domain definition file 205, design constraint file 
210 and a circuit level profile file 250 to generate an elec- 
trically simulatable netlist 255. Circuit level profile file 



250, contains for each circuit class (or in some cases each 
circuit), a single cycle current switching profile which can 
be instantiated in the noise model as a current source, a 
noise / IR drop acceptance profile, and possibly, fre- 
quency domain noise generation and acceptance profiles. 
In addition, circuit level profile file 250 contains equations 
for estimating IC chip VDD and VSS rail parasitic resis- 
tance and capacitance as a function of synthesis-provided 
voltage domain statistics such as cell count. 

[0047] The noise-modeling tool generalizes each voltage domain 
into a set of modeling parameters, which include the per- 
centages of different types of circuits in each voltage do- 
main and the physical size of the voltage domain. The 
modeling tool also infers probable physical relationships 
between domains based upon estimated domain physical 
sizes and relative connectivity or, as an alternative, the 
designer may provide a preliminary floorplan proposal to 
the modeling tool to override synthesis-generated domain 
sizes and specify relative locations within the IC design to 
be used in the simulatable model. 

[0048] The noise-modeling tool combines information from cir- 
cuit level profile file 250 and netlist 240 to form a mesh 
model of the IC device with current switching profiles rep- 



resenting current demand versus time for circuits or 
groups of circuits in each voltage domain and the electri- 
cal coupling between voltage domains. Operational fre- 
quency information and switching factor percentages pro- 
vided by the designer for each voltage domain from de- 
sign constraint file 210 are used to affect the current pro- 
files for each simulation element in the mesh. In order to 
adjust the current profiles for frequency information, the 
bulk of the AC transient may be assumed to be close to 
the initial switch point of the element with leakage cur- 
rents present at the end of the transient period extend- 
able to the limits of the domain timing period. In order to 
adjust the current profile for switching factor information, 
the amplitude of the current pulse may be scaled to pro- 
vide an average demand based on domain content and 
switching factor. Improved accuracy in predicting switch- 
ing factors for analysis may be derived from switching 
factor simulators known in the art. To define the simula- 
tion period, the noise modeling tool selects a period equal 
to the period of the lowest-frequency voltage domain as 
defined in design constraints file 210 in order to contain 
the current profiles of elements within said domain. Cur- 
rent profiles or groups of current profiles representing 



voltage domains at higher operational frequencies may be 
repeated sequentially in the simulation to fill the simula- 
tion cycle. Start-of switch for each voltage domain within 
the simulation model defaults to simultaneous unless 
otherwise defined in design constraint file 210. Specifica- 
tion of a cycle offset within design constraints file 210 al- 
lows the current profile for any voltage domain to be 
shifted by a portion of the domain"s cycle time, affecting 
superposition of current demand within IC chip 100 and 
simulatable netlist 255. 

[0049] The noise-modeling tool uses information in circuit level 
profile file 250 to establish checking limits for each criti- 
cal circuit (or circuits) within a voltage domain. These lim- 
its may be rail envelope minimums, VSS maximums, VDD 
minimums, overshoot, undershoot, AC current draw, DC 
current draw, etc. The noise-modeling tool also intro- 
duces designer -specified checks from design constraints 
file 210 into electrically simulatable netlist 255. 

[0050] | n s tep 260 a single cycle simulation is performed on 

electrically simulatable netlist 255 by the simulator, which 
may be a SPICE -like program (SPICE = simulation pro- 
gram for integrated circuits emphasis and was originally 
developed at the Electronics Research Laboratory of the 



University of California, Berkeley (1975) and now has 
many commercial variations.) The SPICE simulator calcu- 
lates and plots nodal voltages and currents, AC and DC 
current demand and rail droop. In addition, SPICE or other 
simulators may be used to generate expected noise spec- 
trums. Both AC and DC voltages and currents, and possi- 
bly noise frequency spectrums produced in simulation are 
tested against all checks built into the simulatable model 
255. 

[0051] should there be fails, the simulator calls an analyzer 

which combs the data generated by the simulator, identi- 
fying nodes that fail checks for patterns and building a fail 
map. From the fail map, the analyzer proposes multiple 
alternative changes to the voltage domain for each failing 
voltage domain. The analyzer uses a costs file 265 in 
proposing alternatives. Costs file 265 defines an in-order 
list of preference/design cost/weighting/capabilities that 
the analyzer of step 260 uses to generate alternatives. It 
should be understood that the analyzer generates alterna- 
tives from the most current version of the electrically sim- 
ulatable netlist and results may be viewed by the designer 
throughout the design process. These alternative changes 
may include but are not limited to addition of direct chip 



attach (DCA) noise suppression, insertion of on-chip de- 
coupling capacitors, use of module level noise suppres- 
sion and substitution of components declared in preferred 
components file 215 with more capable elements within 
synthesis library 235. Alternative changes may also in- 
clude the creation of new voltage domains, the division of 
existing voltage domains into multiple voltage domains, 
addition of power supply resource for certain voltage do- 
mains, or greater physical separation between voltage do- 
mains. 

[0052] | n ste p 270, it is determined if the noise targets are met 
by the present IC design as described in netlist 240, syn- 
thesized in step 230, modeled in step 245 and simulated 
in step 260. If the noise targets are met, then the method 
proceeds to step 275, otherwise the method proceeds to 
step 280 of FIG. 7B via connector "A." 

[0053] Referring to FIG. 7B, in step 280 the changes generated by 
the analyzer in step 260 of FIG. 7A are presented to and 
examined by the designer. In step 285, the designer can 
accept or reject each alternative proposed by the analyzer 
or terminate the design process. If in step 285, the de- 
signer rejects all proposed alternatives from the analyzer, 
then in step 286, the designer decides whether to modify 



design constraint file 210. If in step 286, the designer de- 
cides to modify design constraint file 210 then, in step 
287, the designer modifies design constraint file 210 in 
order to alter designer-imposed noise constraints, re- 
analysis is performed (using the analysis tool of step 260) 
and the method proceeds to step 280. Otherwise, if the 
designer chooses not to modify design constraint file 210, 
the designer may decide in step 288 to modify costs file 
265. If the designer decides in step 288 to modify cost file 
265 then in step 295, the designer modifies costs file 265 
otherwise the method loops back to step 280. Thus, the 
alternatives generated by the analyzer will change as costs 
file 265 is modified and new alternatives will be presented 
as the method loops back to step 280. 
[0054] Returning to step 285, if the designer accepts at least one 
alternative proposed by the analyzer, then, in step 290, 
the proposed change(s) to the design of IC chip 100 (FIG. 
1) are evaluated to determine if the changes are compati- 
ble with netlist 240, or require generation of a new high- 
level design file. If changes to the IC design are limited to 
the addition of instantiated components such as capaci- 
tors and connection pads to existing VDD and VSS rails, 
addition of physical design keywords to drive isolation 



construction or assignment of mandatory domain spacing 
or other physical design properties, update of the netlist 
is possible, and if the designer accepts, netlist 240 is up- 
dated to include the additional components and/ or key- 
words and the method then returns to step 245 of FIG. 7 A 
via connector "C". If the update involves creation of new 
voltage domains, division of existing voltage domains, 
other large scale changes, or the designer elects to gener- 
ate a new high-level design regardless of netlist update 
capability a new version of the high-level design file is 
generated. A copy of the high-level design is saved and 
the high-level design updated. Possible updates to the 
high level design may include insertion of keywords for 
voltage domain division, instantiations of synthesizable 
constructs such as voltage regulation systems, capacitors, 
etc, as well as possible additions to drive physical design, 
at which time the method returns to step 230 of FIG. 7A 
via connector "B". 
[0055] Returning to FIG. 7A, from connector B of step 290 of FIG. 
7B, accepted alternatives implemented in the updated 
high-level design file are re-synthesized in step 230. 
Within step 230, synthesis progresses from the highest 
level of hierarchy to the lowest level of hierarchy as previ- 



ously described, implementing synthesizable constructs 
and instantiations added in step 290 (FIG 7B) into netlist 
240. Keyword processing to divide existing voltage is- 
lands or replicate rail resources which may include chip 
level supply pins, headers and regulators occurs during 
synthesis of their target hierarchy and voltage domain. 
Division of existing voltage islands is accomplished in 
three phases. In a first phase, synthesis of logic within the 
domain is performed as previously described. In a second 
phase, separation of the synthesized logic into two or 
more partitions is performed. Partitions may be formed 
through division of circuit counts or in an attempt to sep- 
arate noise-sensitive circuits, as defined by their circuit 
level profile, from the remainder of circuits within the 
original domain. In the third phase of separation process- 
ing, synthesis of VDD and VSS rails which includes addi- 
tion of components and chip-level pads is performed in 
accordance with the updated high-level design file, volt- 
age domain definition file 205, synthesis library 235 and 
optionally, preferred components file 215 on all voltage 
domain partitions. With synthesis of the updated high- 
level design file complete, the method proceeds again to 
noise modeling, step 245. 



[0056] The method continues, as described, looping through 

steps 230, 245, 260 and 270 (including steps 280, 285, 
286, 287, 288, 290 and 295 of FIG. 7B, as required) until 
a successful design point is found and in step 270 it is 
determined that the noise targets are met by the present 
IC design. When step 270 completes successfully, the 
method proceeds to step 275. 

[0057] | n step 275, the physical design tool generates a physical 
implementation of IC chip 100. The physical design tool 
used by the present invention includes modifications not 
present in conventional design tools. The design tool first 
parses physical design keywords from incoming netlist 
240 and then implements within-voltage-domain, volt- 
age-domain-to-voltage-domain and domain- 
to-voltage-supply relationships described by netlist 240. 
The physical design tool treats each non-global voltage 
domain as a separate voltage island, working from the 
highest level of hierarchy to the lowest level of hierarchy, 
to implement nesting(s) of physical voltage islands, which 
match the specification of netlist 240. 

[0058] | n s tep 300, the mesh model generated in step 245 is up- 
dated to reflect the dimensions and properties associated 
with global and voltage-island VDD and VSS rails pro- 



duced in physical design step 275. The corresponding 
model accurately accounts for electrical properties such as 
resistance and capacitance and any pre-physical-design 
margins on circuit level profile specifications are removed. 

[0059] | n s tep 305, another simulation is performed using the 

same simulator as in step 260. The method then proceeds 
to step 310 of FIG. 7C via connector "D." 

[0060] Referring to FIG. 7C, in step 310 it is determined if the 
noise targets are met by the present IC design as de- 
scribed in netlist 240. If the noise targets are met, then 
the method proceeds to step 315, otherwise the method 
proceeds to step 320. In step 315, the final IC design, 
which may include both an IC chip design and an IC pack- 
age design, is complete and data files needed for device 
manufacturing as well as procurement of DCA and pack- 
age-level components are generated. The method then 
terminates. 

[0061] | n s tep 320, the changes generated by the analyzer in 
step 305 of FIG. 7A are presented to, and examined by, 
the designer. In step 325, the designer can accept or re- 
ject each alternative proposed by the analyzer. If in step 
325, the designer rejects all proposed alternatives from 
the analyzer, then, in step 326, the designer decides 



whether to modify design constraint file 210. If in step 
326, the designer decides to modify design constraint file 
210, then in step 327, the designer modifies design con- 
straint file 210 in order to alter designer-imposed noise 
constraints, re-analysis is performed (using the analysis 
tool of step 260), and the method proceeds to step 320. 
Otherwise, if the designer chooses not to modify design 
constraint file 210, the designer may decide in step 328 
to modify costs file 265. If the designer decides in step 
328 to modify cost file 265 then, in step 335, the de- 
signer modifies costs file 265. Otherwise the method re- 
turns back to step 320. Thus, the alternatives generated 
by the analyzer will change as costs file 265 is modified 
and new alternatives will be presented as the method 
loops back to step 320. 
[0062] j n s t e p 325, the designer accepts at least one alterna- 
tive proposed by the analyzer, then, in step 320, the pro- 
posed change(s) to the design of the IC are evaluated to 
determine if the changes are compatible with netlist 240, 
or require generation of a new high-level design file. If 
changes to the IC design are limited to the addition of in- 
stantiated components such as capacitors and connection 
pads to existing VDD and VSS rails, addition of physical 



design keywords to drive isolation construction, or as- 
signment of mandatory domain spacing or other physical 
design properties, update of the netlist is possible, and if 
the designer accepts, netlist 240 is updated to include the 
additional components and / or keywords. The method 
then returns to step 275 of FIG. 7 A via connector "E". 

[0063] Returning to step 275 of FIG. 7A from connector "E"of FIG. 
7C, the physical design of the IC chip is regenerated in- 
corporating design alternatives accepted in step 325 of 
FIG. 7C and the updated physical design is subsequently 
verified by looping through steps 300 and 305 of FIG. 7A 
and steps 310, 315, 320, 325, 326, 327, 328 330 and 
335 of FIG. 7C as required. 

[0064] Returning to step 330 of FIG. 7C, if the accepted updates 
involve creation of new voltage domains, division of exist- 
ing voltage domains, other large-scale changes or the de- 
signer elects to generate a new high-level design regard- 
less of netlist update capability, then, in step 330, a new 
version of the high-level design file is generated. The cur- 
rent high-level design file is copied and then updated by 
inserting keywords for voltage domain division, instantia- 
tions of synthesizable constructs such as voltage regula- 
tion systems, capacitors, etc, as well as possible additions 



to drive physical design, at which time the method returns 
to step 230 of FIG. 7 A via connector "B". 

[0065] Returning to step 230 of FIG. 7 A from connector "B"of FIG. 
7C, the method continues through at minimum steps 245, 
260, 275, 300, 305, 310 and 315 with possible additional 
loops through steps 280, 285, 286, 287, 290, 295, 320, 
325, 326, 327, 328 335 and 330 until IC chip design is 
complete and verified. 

[0066] Generally, the method described herein with respect to a 
method for designing an IC having power distribution 
partitions is practiced with a general-purpose computer 
and the method may be coded as a set of instructions on 
removable or hard media for use by the general-purpose 
computer. FIG. 8 is a schematic block diagram of a gen- 
eral-purpose computer for practicing the present inven- 
tion. In FIG. 8, computer system 400 has at least one mi- 
croprocessor or central processing unit (CPU) 405. CPU 
405 is interconnected via a system bus 410 to a random 
access memory (RAM) 415, a read-only memory (ROM) 
420, an input/output (I/O) adapter 425 for a connecting a 
removable data and/or program storage device 430 and a 
mass data and/or program storage device 435, a user in- 
terface adapter 440 for connecting a keyboard 445 and a 



mouse 450, a port adapter 455 for connecting a data port 
460 and a display adapter 465 for connecting a display 
device 470. 

[0067] ROM 420 contains the basic operating system for com- 
puter system 400. The operating system may alternatively 
reside in RAM 415 or elsewhere as is known in the art. Ex- 
amples of removable data and/or program storage device 
430 include magnetic media such as floppy drives and 
tape drives and optical media such as CD ROM drives. Ex- 
amples of mass data and/or program storage device 435 
include hard disk drives and non-volatile memory such as 
flash memory. In addition to keyboard 445 and mouse 
450, other user input devices such as trackballs, writing 
tablets, pressure pads, microphones, light pens and posi- 
tion-sensing screen displays may be connected to user 
interface 440. Examples of display devices include cath- 
ode-ray tubes (CRT) and liquid crystal displays (LCD). 

[0068] a computer program with an appropriate application in- 
terface may be created by one of skill in the art and stored 
on the system or a data and/or program storage device to 
simplify the practicing of this invention. In operation, in- 
formation for or the computer program created to run the 
present invention is loaded on the appropriate removable 



data and/or program storage device 430, fed through 
data port 460 or typed in using keyboard 445. 

[0069] Thus, the need for an automated design system for de- 
signing an IC having multiple power domains is satisfied 
by the present invention. 

[0070] The description of the embodiments of the present inven- 
tion is given above for the understanding of the present 
invention. It will be understood that the invention is not 
limited to the particular embodiments described herein, 
but is capable of various modifications, rearrangements 
and substitutions as will now become apparent to those 
skilled in the art without departing from the scope of the 
invention. Therefore, it is intended that the following 
claims cover all such modifications and changes as fall 
within the true spirit and scope of the invention. 



